IntEnz is the name for the Integrated relational Enzyme database and is the of®cial version of the Enzyme Nomenclature. The Enzyme Nomenclature comprises recommendations of the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology (NC-IUBMB) on the nomenclature and classi®cation of enzyme-catalysed reactions. IntEnz is supported by NC-IUBMB and contains enzyme data curated and approved by this committee. The database IntEnz is available at
INTRODUCTION
The explosion of structural data that has resulted from genesequencing and proteomic studies has emphasized the need to relate structures to functions. It is important that these structural data are integrated with the functional data on catalytic proteins that are available from a number of sources, such as the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology (NC-IUBMB) Enzyme List (1), ENZYME (2) and BRENDA (3) databases. The Enzyme List represents a well established and of®cially recognized functional classi®cation system.
The Integrated relational Enzyme database IntEnz provides a complete, freely available database storing the most up-todate version of the Enzyme List, which contains enzyme data curated and approved by the NC-IUBMB.
In addition tools have been developed to maintain the database and allow propagation of new and updated biochemical terminology, which has been integrated into the database. These tools are connected to the ChEBI database, which provides a de®nitive dictionary of compounds, to improve the quality of the IntEnz vocabulary. ChEBI stands for dictionary of Chemical Compounds of Biological Interest. The ChEBI database is also hosted at the European Bioinformatics Institute (EBI), but is still under development.
Enzyme data will be represented in a number of different ways, one of which is the of®cial NC-IUBMB view, which has been developed and can be accessed at http://www.ebi.ac.uk/ intenz.
CLASSIFICATION OF ENZYMES
The NC-IUBMB classi®cation and nomenclature of enzymes, commonly known as the Enzyme List, differs from most biochemical classi®cation systems in that it is based on function, i.e. the reaction catalysed, rather than structure. The basis of the system is the assignment of a speci®c numerical identi®er, the EC number, which identi®es the enzyme in terms of the reaction catalysed. The ®rst digit represents the type of reaction catalysed. At present six such classes of reaction are recognized, as summarized in Table 1 . The second digit of the EC number refers to the subclass, which generally contains information about the type of compound or group involved. The third digit, the sub-subclass, further speci®es the nature of the reaction and the fourth digit is a serial number that is used to identify the individual enzyme within a subsubclass. The classi®cation of enzymes is described in detail elsewhere (4, 5) .
Although several distinct proteins may catalyse the same reaction, they would all be ascribed the same EC number, since the Enzyme List is a system based upon the reaction catalysed. Information about structural diversity is obtained by linkage of enzymes in the List to related entries in other databases. The information for each enzyme within the Enzyme List is contained in seven distinct ®elds, as summarized in Table 2 . There is also a glossary of compound names, which may be used to search the Enzyme List. The Enzyme List is maintained by Trinity College Dublin on behalf of the NC-IUBMB. Suggestions for new entries or for modi®cations to existing entries can be found on the IntEnz homepage.
DATA IN IntEnz
IntEnz is supported by the NC-IUBMB and contains enzyme data that is curated and approved by the Nomenclature Committee. The relational database (IntEnz) implemented and supported by the EBI is the master copy of the Enzyme Nomenclature data. The goal is to create a single relational database containing enzyme data from three different sources. (ii) The Swiss Institute of Bioinformatics (SIB) produces an Enzyme Nomenclature database (ENZYME).
(iii) The University of Cologne produces an enzyme function database (BRENDA), which contains a large amount of information on substrates, products and inhibitors.
The EBI has already implemented a relational database version storing the most up-to-date version of the Enzyme List, which contains enzyme data curated and approved by NC-IUBMB. Figure 1 shows a screenshot of the classi®cation of EC 1.1.1.51.
DATABASE DEVELOPMENT
The database is implemented using a relational database management system (ORACLE) and consists of development, production and public versions of the database.
Web servers build a bridge between the database server machines and the users on the internet. They accept user requests for data, interrogate the appropriate database, summarize the result in a form ®t for human consumption and deliver it to the user's internet browser.
The web application consists of a back-and a front-end. The back-end is responsible for database-related functionality (retrieving and updating) and processing of data. It is connected with the production and public database to allow access either for adding/modifying or for retrieving data. Representing data and providing an interface for user interaction are the fundamental features of the front-end. The interface is compatible with all common browsers (e.g. Microsoft Internet Explorer, Netscape Mozilla, OmniWeb, Safari). The front-end is implemented using HTML and JavaServerPages. The functionality of the back-end is mainly achieved using Java Servlets.
PUBLIC AND PRODUCTION DATABASE
The users of the web application are categorized into two groups: the general user and the IntEnz curator. The general user has access to the public database to retrieve information of interest, but will not be able to modify or add data. The IntEnz curator is able to access the production database to perform changes to the data.
The reasons for the separation of production data and publicly accessible data are as follows.
(i) Security: only IntEnz curators access the data on the production database. The public access the public web server and the public database, which hold a copy of the production data.
(ii) Fail over: in emergencies and during scheduled maintenance sessions, one set of machines can serve both the production and public versions of the database, albeit at a reduced performance rate.
(iii) Technical: there are different usage patterns for production and public machines. Usage of the production machines can be split into interactive use during European of®ce hours and bulk updates during the night, while the public machines have lower, but more constant access rates to serve the world wide web. 
EC number
The classi®cation number, which is made up of four groups of digits, identi®es the enzyme by the reaction catalysed.
Common name
The most commonly used name for the enzyme is usually used, provided that it not ambiguous or misleading. A number of generic words indicating reaction types are commonly used, such as dehydrogenase, reductase, oxidase, peroxidase, kinase, tautomerase, deaminase, dehydratase, etc. Reaction
The actual reaction catalysed is written, where possible, in a general form of the type: A + B = P + Q. It gives no indication of the equilibrium position of the reaction or, indeed, whether it is readily reversible. The direction chosen for the reaction and systematic name is the same for all the enzymes in a given class, even if this may not be the preferred direction for all of them. Where an enzyme has a wide speci®city, compound names may be replaced by class names, for example the reaction catalysed by alcohol dehydrogenase (EC 1.1.1.1) is written as: an alcohol + NAD + = an aldehyde or ketone + NADH + H + . Other name(s) Any other names that have been used for the enzyme. This is to be as comprehensive a list as possible to aid searching for any speci®c enzyme. The inclusion of a name in this list does not mean that its use is encouraged. In cases where the same name has been given to more than one enzyme, this ambiguity will be indicated.
Systematic name
This describes the reaction catalysed in unambiguous terms. It consists of two parts. The ®rst contains the name of the substrate or substrates (each separated by a colon). The second part, ending in -ase, indicates the nature of the reaction. Generic words are used to indicate the type of reaction, e.g. oxidoreductase, oxygenase, transferase (with a pre®x indicating the nature of the group transferred), hydrolase, lyase, racemase, epimerase, isomerase, mutase, ligase. If additional information is needed to make the reaction clear, a phrase indicating the reaction or a product is added in parentheses after the second part of the name, e.g. (ADP-forming), (dimerizing), (CoA-acylating).
Comments
Brief comments on the nature of the reaction catalysed, possible relationships to other enzymes, species differences, metal-ion requirement, etc. References Key references on the identi®cation, nature, properties and function of the enzyme.
a Note: the procedures used for the nomenclature and classi®cation of the peptidases (EC 3.4.
-.-) differ from those used for other enzymes in some respects. (iv) Scienti®c: new and updated data on the production machines needs to be kept separate until it is peer reviewed by the NC-IUBMB who are in editorial control of the data. Only then can it be copied to the public database and public web servers. This process is crucial to maintaining the consistency of the database through editorial control by the NC-IUBMB.
The building of such a robust database and tools environment automates database updating as much as possible. It also provides the general user and the IntEnz curator with stable search and curation tools.
SEARCH TOOLS
The database is provided with an advanced search tool that enables users to exploit the data contained in the database. The search tool permits the user to:
(i) limit searches to de®ned ®elds; (ii) combine search terms or search results with Boolean operators;
(iii) use word expansion operators, e.g. the wildcard operator or the fuzzy operator.
FUTURE DEVELOPMENT
IntEnz will be further populated by corresponding data from the ENZYME database of the SIB and from the BRENDA database of the University of Cologne. The discrepancies between the equivalent data ®elds from these data sets are to be resolved as the next step towards a controlled vocabulary for biochemical terminology. These common data comprise the EC number, common name of an enzyme, systematic name of an enzyme, other name(s) of an enzyme, reaction catalysed and comments.
The representation of enzyme data will be done in a number of different ways. We already have a NC-IUBMB authorized view of the data. After resolving the discrepancies between the equivalent data ®elds we will also be able to retrieve a¯at-®le output of IntEnz, which will replace the ENZYME.
